The shape and shift of the 535.0 nm thallium line resulting from the photodissociation of thallium iodide perturbed by krypton and xenon were investigated at low densities. The Doppler and collision broadening components of the line shape have been determined. The linear dependence of both the Lorentzian half-width and the shift on the perturbing gas density was found and interpreted in terms of Van der Waals and Lennard-Jones potentials.
Introduction
In recent papers [1-3] studies of pressure effects on the 535.0 nm TI fluorescence line resulting from the photodissociation of thallium iodide molecules perturbed by hydrogen and deuterium were reported and the values of the effective cross sections for the impact shift and broadening of this line were determined from the Lorentzian component of the line profile. In the present paper we describe an extension of these studies on the same TI line to mixtures of thallium iodide vapours and heavy noble gases (Kr and Xe) used as the perturbing gases.
The only experimental study of the pressure shift and broadening of the 535.0 nm thallium line by these noble gases was that of Cheron et al. [4] . Their experiment was performed on fluorescence light emitted from a natural thallium vapour mixed with a noble gas at rather high pressure (500-1500 Torr at temperature 743 K). In this pressure range the impact approximation of the line shape theory becomes questionable [5] [6] [7] and this makes it very difficult the interpretation of the measured values of the half-width and shift of the line. Such a conclusion can be drawn directly from experimental results of Cheron et al. [4] , who have found that the Lorentzian distribution fits the measured profile in the very close vicinity of the core of the line only.
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The purpose of the present work was to measure the shift and the broadening of the 535.0 nm TI line perturbed by krypton and xenon at much lower pressures than those used in experiments of Cheron et al. [4] : from 0 to 250 Torr at temperature 733 K. In this pressure region two body interactions predominate so that the impact approximation of the fine shape theory is fully applicable.
In the present work the photodissociation of Til molecules was used to excite the atomic fluorescence in thallium (7 2 Si/2 -6 2 P3/2) in the same way as in our previous work [1] [2] [3] . We found this technique of excitation of thallium fluorescence line 535.0 nm very useful for profile measurements at low pressures of the perturbing gas. The profiles were measured using a Fabry-Perot etalon and a very careful analysis of these profiles was carried out to determine the reliable values of the shift and width parameters connected with both the collision and Doppler effects on the 535.0 nm TI fine.
Experimental
The experimental procedure used in the present work is similar to previously described measurements of the pressure effects on the 535.0 nm TI line perturbed by H2 and D2, so we give only a brief description here.
A cell containing thallium iodide vapour up to 100 Torr of noble gas at room temperature was mounted in an electric oven, whose temperature could be maintained in the region from 300 to 750 K with a stability of ^ 2 K over several hours. The cell was 3.4 cm long and 2.8 cm in diameter and was illuminated by the ultraviolet light of an r.f. 0340-4811 / 80 / 1100-1249 $ 01.00/0. -Please order a reprint rather than making your own copy. 
Results and Interpretation

Doppler Broadening parameters
The Gaussian half-width yo of the 535.0 nm TI line is plotted versus density of perturbing gas in Let us note, as it can be seen from Fig. 1 , for very low perturbing gas densities the Gaussian half-width yn of the resultant Doppler profile is somewhat greater than the average value. In particular, for the Til cell with no perturbing gas we found the average value of yo = 0.0573 cm -1 which is 32% greater than the average value for Tll + Kr and 33% greater than average value for Til + Xe.
These results are understood because the largest departures of the total line shape from the Voigt profile were found for the fluorescence cell with no perturbing gas. for Kj and Xe we found a linear variation of the Lorentzian half-width with perturbing gas density over the whole of the pressure range investigated Kr according to the relation
Lorentzian Broadening and Shift Parameters
Here N is the density number of foreign gas and ß is the pressure broadening coefficient corresponding u N [ io 18 
where <5 is the pressure shift coefficient related to the interaction between TI atom and the foreign gas (KJ or Xe) atoms. The value AO represents the residual shift due to the interaction between TI the density of perturbing gas. [4] from thallium measurements at perturbing gas densities one order of magnitude higher than those used in the present work.
Interaction potentials
According 
where e is the elementary charge, and a is the polarizability of the perturbing atom. Here <V 2 > is the quantum-mechanical average value of r 2 for the given level of the radiating atom.
In many papers one estimates <r 2 > using the
Coulomb approximation [17]:
< r 2> = i-a0 2 (n*) 2
.[5(»»)« + l-31(J+l)]f (14)
where n* is the effective quantum number, «o is the Bohr radius and I is the orbital quantum number.
Using the values of n* for T1 given by Kuhn [18] and the theoretical values of a for Kr and Xe reported by Dalgarno and Kingston [19] we have calculated the Ce constants for the 535.0 nm T1 line perturbed by Kr and Xe. These constants are listed in Table 1 in the column denoted by coul.
We have also performed more accurate calculations of Cq constants for T1 +noble gas system using both a non-relativistic Hartree-Fock (H- Table 1 are obtained from the Unsold formula (Equation (13)). Proctor and Stwalley [22] have recently developed a more general method applicable for the S-states of the radiating atom. Using this method Wu et al. [23] have calculated the Cq constants for the interaction of the T1 atom in the 7 2 Si/2 state with heavy noble gas atoms. Their results are listed in Table 1 
It should be emphasized that both H-F and D-H-F values listed in
where q = (0.9 ± 0.3) X IO -16 erg. RAB = rA + rB.
Here rA denotes the so-called "Hindmarsh radius", i.e. the distance from the nucleus of the radiating atom A in the given state at which the unperturbed radial charge density has the value 0.012 atomic units. (6) and (7) 
Discussion
The Tables 2 and 3 [23] seem to indicate that the contribution of the higher order attractive forces (R~8 and 7? -10 ) should not be ignored. However, calculation for the Lennard-Jones potential performed in the present work show that effects due to the repulsion parts of potential curves may be even more important than those due to higher order terms in the purely attractive potential.
